Objective: The indications of routine skull X-rays after mild head trauma are still in discussion, and the clinical management of a child with a skull fracture remains controversial. The aim of our retrospective study was to evaluate our diagnostic and clinical management of children with skull fractures following minor head trauma. Methods: We worked up the medical history of all consecutive patients with a skull fracture treated in our hospital from January 2009 to October 2014 and investigated all skull X-rays in our hospital during this period. Results: In 5217 skull radiographies, 66 skull fractures (1.3%) were detected. The mean age of all our patients was 5.9 years (median age: 4.0 years); the mean age of patients with a diagnosed skull fracture was 2.3 years (median age: 0.8 years). A total of 1658 children (32%) were <2 years old. A typical boggy swelling was present in 61% of all skull fractures. The majority of injuries were caused by falls (77%). Nine patients (14%) required a computed tomography (CT) scan during their hospital stay due to neurological symptoms, and four patients had a brain magnetic resonance imaging. Nine patients (14%) showed an intracranial hemorrhage (ICH; mean age: 7.3 years); one patient had a neurosurgery because of a depressed skull fracture. Nine patients (14%) were observed at our pediatric intensive care unit for a mean time of 2.9 days. The mean hospital stay was 4.2 days. Conclusions: Our findings support previous evidence against the routine use of skull X-rays for evaluation of children with minor head injury. The rate of diagnosed skull fractures in radiographs following minor head trauma is low, and additional CT scans are not indicated in asymptomatic patient with a linear skull fracture. All detected ICHs could be treated conservatively. Children under the age of 2 years have the highest risk of skull fractures after minor head trauma, but do not have a higher incidence of intracranial bleeding. Neuroobservation without initial CT scans is safe in infants and children following minor head trauma and CT scans should be reserved for patients with neurological symptoms.
INTRODUCTION
Minor head injury is common in children and an important cause of morbidity and mortality in the pediatric population. In many institutions, skull radiographs are broadly used in children with minor head trauma although several studies suggest that the guidelines for skull radiography in children are too wide and a skull fracture is not a reliable indicator of an intracranial injury. [1] [2] [3] Following the instructions of recent guidelines can achieve a significant reduction of skull X-rays without detriment of any patient. [2, 4] The clinical management of children with a skull fracture differs among institutions and individuals. While children and adolescents with an isolated skull fracture are routinely admitted to our hospital for neurological observation, some authors suggest that isolated linear skull fractures can be safely discharged home directly from the emergency department (ED). [5] [6] [7] [8] Several guidelines include a cerebral computed tomography (cCT ) scan for children with an isolated skull fracture without any neurological symptom. [9] [10] [11] While the number of cCT scans in the United States increased rapidly in the past two decades, at our department, a cCT is reserved for neurologically impaired children after blunt head trauma. [12] [13] [14] Our numbers of skull radiographs seem to be high, reaching more than 1000 skull X-rays per year. The aim of our retrospective study was to evaluate the diagnostic use of skull radiography in children following minor head trauma and approve our clinical management of patients with skull fractures.
METHODS
All skull radiographs of patients under the age of 18 years taken at our ED from January 2009 to October 2014 were documented and analyzed retrospectively. The study population included all patients with a diagnosed skull fracture in two-plane radiographs (exclusion of facial and basal skull fractures) after minor head trauma and was divided in infants younger than 2 years and children between 2 and 18 years old. Minor head trauma was defined as history or physical signs of blunt trauma to the head in an infant or child. [15] The collected data included age, sex, mechanism of injury, presence of neurological symptoms or clinical signs, type of skull fracture, diagnostic management, surgical intervention, length of hospital stay, complications, and outcome. cCT scans were performed in children with neurological symptoms. All radiological investigations were seen by a pediatric surgeon and routinely analyzed by a pediatric radiologist. In the case of a suspicious brightening line in the radiography, an ultrasound was done to confirm or exclude the diagnosis. Each child with a recently sustained skull fracture was admitted to hospital for close neurological observation for at least 5 days. Six weeks after the trauma, each patient was ordered to a clinical inspection.
For statistical analysis, a Chi-square test and Fisher's exact test were used; P < 0.05 was considered to be statistically significant.
RESULTS
Skull radiographs were performed in 5217 patients. The mean age of all our patients was 5.9 years (median age: 4.0 years). A total of 1685 children (32%) were <2 years old. The study population consisted of 66 patients (1.3%) with a mean age of 2.3 years (median age: 0.8 years). 5151 patients with normal skull radiography were excluded from our study.
The majority of our patients with a skull fracture were male (58%). The majority of injuries were caused by falls (79%) followed by bicycle accidents (4.5%), struck by object (4.5%), battered child (3%), car-pedestrian accident (1.5%), tobogganing accident (1.5%); and in four cases, the trauma was unclear (6%).
The most common fracture localization was parietal (77%) followed by occipital (15%), frontal (6%), and temporal (1.5%). Three patients (4.5%) had a depressed fracture, two of them were treated conservatively and one required neurosurgery for elevation of a depressed fragment.
A typical boggy swelling was present in 61% of all skull fractures. Two patients had a compound fracture, one child had a hemotympanum, and another presented with a palpable notch. Four patients (6%) were completely asymptomatic. In 18 cases, a radiological suspected skull fracture was confirmed by ultrasound.
Forty-nine patients with a skull fracture were younger than 2 years and 4 (8.2%) of them had an intracranial hemorrhage (ICH). Seventeen patients between 2 and 18 years of age had a skull fracture, whereof 5 (29.4%) were diagnosed with an ICH. Skull fractures were statistically significant more frequent in children <2 years old compared to children beyond this age (P < 0.01). The incidence of an ICH in patients with a skull fracture was not higher in the younger age group (P = 0.042) [ Table 1 ].
Five patients (10.6%) required a CT scan immediately at admission due to altered level of consciousness or reduced Glasgow Coma Scale and four patients had a CT scan during ward and their mean hospital stay was 4.2 days. Forty-nine patients (74%) were available for a clinical control after 6 weeks; no complications occurred.
DISCUSSION
Blunt head trauma is very common in children and can result in a skull fracture in up to 30%. [16] In our study, the rate of diagnosed fractures in two-plane skull X-rays following head trauma is particularly low. The diagnosis of a skull fracture had to be confirmed by an additional ultrasound in 18 patients. Hence, the number of reliable diagnosed skull fractures in two-plane radiographs is below 1%.
Lloyd et al., demonstrated in their prospective study that out of 6011 skull radiographs only 162 skull fractures were diagnosed (2.7%). All patients with ICH on CT scan had neurological abnormalities. [1] Erlichman et al., reviewed 114 children with a skull fracture in their retrospective study. They found 29 patients (25%) with an ICH, but all ICHs were small and did not require neurosurgery. [17] Powell et al., presented in their prospective series 43.904 children after minor head trauma and diagnosed 350 patients with an isolated linear skull fracture. None of them required a neurosurgical intervention. [5] Mossop and Soysa as well as Simon and Dodds demonstrated a significant reduction of skull X-rays after implementation of guidelines, without detriment of any patient. [2, 4] In our series, hospital stay because of increasing neurological symptoms. The CT scans were considered as normal in three cases; six patients showed an ICH, which could be treated conservatively. A 2-month old girl with a subacute, small subdural hematoma was operated on a depressed skull fracture.
Four patients had a brain magnetic resonance imaging (MRI) during hospital stay due to persistent neurological complaints. One of them had a contusion zone visible in the MRI without pathological findings on the initial CT scan, in two patients a small ICH was present, and in one patient the MRI was considered as normal. None of them required neurosurgery [ Figure 1 ].
The majority of our patients (81.1%) were admitted to our hospital directly after the trauma. Twelve patients with a skull fracture visited our hospital in delay, between 1 and 10 days (mean: 4.1 days) after their head injury, because of a persistent boggy swelling. Ten of them had no neurological symptoms and could be discharged without further radiological investigations. One patient had a CT scan because of a depressed fracture in the skull X-ray without therapeutic consequences. Another patient had a brain MRI, which showed a small subdural hematoma and was treated conservative. One patient denied hospital admission and was discharged.
In summary, nine patients showed an ICH (mean age: 7.3 years; median: 5.9 years), which was diagnosed by a CT scan in 6 cases and MRI in 3 cases. All ICHs could be managed conservatively [ Table 2 ].
The patients with an ICH were observed at our pediatric intensive care unit for a mean time of 2.9 days. All other patients had close neuroobservation at the regular hospital skull radiographs were performed in all patients following minor head trauma, even in patients without any clinical sign. In summary, we had to radiograph over 1000 children to diagnose one completely asymptomatic patient with a skull fracture without any clinical relevance. Our indications for skull radiography in children seem to be too wide and skull X-rays should only be recommended for infants with suspected nonaccidental injury, penetrating trauma, or compound fracture and in presence of a boggy swelling. [1, 2, 4] We found a low cCT rate in our study population (14%). This in strong contrast to other published studies, where the CT rate is up to 100% in patients with a skull fracture. [1, 5, 10, 16, 17] At our department, a cCT is reserved for neurologically impaired children after minor head trauma. The routine use of CT scans, after radiologically diagnosed skull fractures, is not necessary in children without clinical signs of intracranial injury and neuroobservation is the reasonable management for patients with normal level of consciousness. There is strong evidence for an increased risk of fatal cancer from CT scans in childhood. [12, 14] The clinical management of children with a skull fracture differs among institutions and individuals. Neurosurgeons are more willing to discharge patients than do pediatric surgeons. [8] While children and adolescents with an isolated skull fracture are routinely admitted to our hospital for neurological observation, several authors suggest that isolated linear skull fractures can be safely discharged home directly from the ED. [5] [6] [7] [8] However, all of the published patients had a cCT scan at their ED evaluation and a recent intracranial injury was excluded from the study. In neurologically normal children, an evolving intracranial injury can be difficult to recognize at presentation, especially in infants younger than 2 years. [10, 18] In concordance with published studies, children younger than 2 years are more likely to sustain a skull fracture compared to older children, but do not have a higher incidence of intracranial bleeding. [5, 10, 18, 19] Neurosurgical intervention is rare and also depressed fractures measuring <5 mm can be safely treated conservatively. [20] All our patients with ICHs could be treated conservatively. Only one patient needed neurosurgical repair of a depressed occipital skull fracture.
The limitations of this study are, that is, the study was done in retrospect and the cohort was small.
CONCLUSIONS
Our findings support previous evidence against the routine use of skull X-rays for evaluation of children with minor head injury. The rate of diagnosed skull fractures in radiographs following minor head trauma is low and neurosurgical interventions are rare. We conclude that there is no need for routine skull radiography and in case of neurological symptoms a cCT scan is the right diagnostic approach. Additional CT scans are not indicated in asymptomatic patient with a linear skull fracture. Children under the age of 2 years have the highest risk of skull fractures after minor head trauma, but do not have a higher incidence of intracranial bleeding. Neuroobservation without initial CT scans is safe in infants and children following minor head trauma and CT scans should be reserved for patients with neurological symptoms.
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